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1: Introduction
Evidence has shown that corruption can be damaging for an economy. Corruption has been found to reduce growth Davoodi 2002, Mauro 1995; Mo, 2001) , discourage investment (Mauro, 1996; Brunetti et al. 1998; Campos et al. 1999) ; reduce foreign direct investment (Wei, 2000, Abed and , and limit productivity (Lambsdorff, 2003) .
Studies also show that more corrupt countries face higher inflation Al-Marhubi (2000) , increase the size of the shadow economy (Friedman et al. 2000 and Johnson et al. 1997 , affect state bond ratings (Depken and Lafountain 2006) , and lower expenditure on education and health (Mauro 1998 ). This paper examines specifically the influence of corruption on government debt. Despite the large literature on the effects of corruption on government expenditure, there is little evidence on how corruption affects public debt 1 . Corruption can affect government debt through a number of channels. Tanzi and Davoodi (2002) argue that corruption leads to an increase in public expenditure. As observed by Kaufmann (2010) in order to maximize rent-seeking, government officials could be more inclined towards large capital investments at the cost of labor-intensive ones. Accordingly, if a government finances its expenditure through increased debt, in the event of corruption, there is need for a higher stock of debt leading to higher costs of servicing that debt. Corruption can not only increase the size of public expenditure but also change the composition of public expenditure away from vital sectors such as health and education (Mauro 1998 , Wei 2001 ) towards sectors which involve greater secrecy and less transparency such as defence. Military expenditure may not be closely monitored by tax and customs authorities or be subject to the usual auditing and other legalities (Gupta et al. 2001a ). In the event that large scale investment projects and public expenditures such as 1 There is a literature which investigates the issue of corruption and institutions: See for example, La Porta et al (1999) , Shleifer and Vishny. (1993). defence are financed by borrowing, public debt and debt servicing costs could increase (Kaufmann 2010) . Corruption is additionally associated with a larger shadow economy. A large shadow economy reduces the ability of a government to raise tax revenues , Kaufmann 2010 . A government has to resort to borrowing to finance projects when there is a fall in tax revenues. Therefore the more corrupt a government, a larger proportion of tax revenues would go into bribe payments which can reduce revenues requiring more borrowing. This can lead to a vicious cycle of corruption and borrowing. Therefore a second contribution of the study is to see if the size of the shadow economy, government expenditure and military expenditure increase the negative effect of corruption on public debt. This will be examined by introducing interaction terms between and these variables and corruption.
Results are tested for robustness in a number of ways: additional control variables to capture a range of possible influences on the public debt ratio, interaction terms, different estimation methods including OLS, fixed effects estimation to account for country level time invariant unobservable influences on public debt, and system GMM estimation to correct for any potential endogeneity bias. Given the uncertainty and likely measurement errors in corruption, the robustness of the results are tested using two different data sets on corruption:
the Transparency International (TI) and Kaufmann et al. (2013) data sets. Finally, the estimation is carried out by replacing the dependent variable, the public debt to gross domestic product (GDP) ratio with the debt servicing ratio to gross national income (GNI).
Our study is structured as follows: In chapter 2 a short literature review follows, where we summarize studies, which have undertaken similar investigations. A review table of some important studies dealing with related topics are provided. In chapter 3 we describe the data and the estimation methodology and in chapter 4 we discuss the regression results. Finally chapter 5 presents a summary and some policy conclusions.
2: Literature Review and Some Theoretical Considerations
Corruption distorts public expenditure leading to a less than optimal allocation of government spending. Evidence shows that corruption inflates and changes the composition of government expenditure (Wei and Zechauser 1999 , Tanzi and Davoodi 2002 , Mauro 1998 ). Wei and Zechauser (1999) employing firm level survey data from the Global competitiveness report (GCR) index, Transparency international (TI) and Business international (BI) index show that corruption constrains economic development by generating increases in government expenditure and reducing domestic and foreign direct investment. They find that corruption additionally changes the composition of government expenditure away from education, health, and infrastructure, toward less efficient public projects, such as highway construction where there is greater potential for corruption. The Wei and Zechauser (1999) study however, does not involve any empirical estimation. Tanzi and Davoodi (2002) similarly examining the effect of corruption on government spending patterns in 68 countries over 1980-95, show that: corruption increases the size of government sector investment at the cost of private sector investment; leads to higher spending on government sector capital projects reducing funds available for other expenditures; and lowers the quality of existing infrastructure such as roads and buildings, while new projects in more lucrative areas are undertaken. They further find that corruption has a negative impact on government revenues.
Using OLS and IV techniques, and a sample of 100 countries, Mauro (1998) argues that corruption changes the composition of government expenditure by channelling expenditure away from education to other more lucrative areas. Mauro also finds some evidence of corruption leading to a fall in spending on health. The results suggest that the direction of the causal association is from corruption to the composition of spending with corruption leading to a less-than-optimal composition of government expenditure. Gupta et al. (2001a) in a panel data estimation of the association between corruption and military spending for 120 countries over the 1985-1998 period, concludes that corruption is associated with a higher share of spending on both military expenditure as a percentage of GDP, and total government expenditure. Similar conclusions are put forward by Delavallade (2006) . Using 3SLS estimation on 64 countries over the 1996 period, Delavallade (2006 concludes that corruption is associated with a fall in public spending devoted to education, health and social protection, and an increase in expenditures devoted to public services and order, fuel and energy and culture and defence.
Evidence also shows that corruption increases the size of the shadow economy 2 . The study of Friedman et al. (2000) show that corruption is associated with increased unofficial activity which in turn leads to a fall in tax revenues. They argue that only non-corrupt governments can sustain high tax rates. Similar arguments are put forward by Johnson et al. (1997) who argue that tax evasion by the unofficial sector weakens a government's ability to provide public goods to the official sector. These public goods include law and order, effective tax, regulatory institutions and public administration. Meon and Sekkat (2005) similarly using generalized least squares (GLS) estimation and data over 1970-1998 for 63-71 nations, find that a weak rule of law, inefficient government and political violence increase the negative effect of corruption on investment. Dreher and Schneider (2010) on the contrary, show that there is no robust relationship between corruption and the shadow economy when employing perceptions-based indices of corruption. Using an index of measured corruption, the results indicate that corruption and the size of the shadow economy are complements in low income countries while no robust relationship is detected in high income countries. Schneider (2011) finds that the average size of the shadow economy as a proportion of GDP was 41%, 38% and 17% respectively, in developing transition and the OECD nations respectively in 1999/2000. The findings of Schneider (2011) suggest that an increase in the size of the shadow economy in developing nations leads to a fall in the size of official GDP while in developed and transition economies an increase in the size shadow economy leads to an increase in GDP. Developing a theoretical model to investigate the relationship between corruption and the shadow economy, Choi and Thum (2005) , show that the presence of an unofficial sector acts as a complement rather than a substitute to the official economy. Dreher et al. (2008) similarly, show that an improvement in institutional quality reduces the shadow economy directly and corruption both directly and indirectly by influencing the shadow market. The nature of the relationship between corruption and institutional quality is not clear and dependent upon the effectiveness of the level of institutional quality in the shadow and corruption markets. Some of the aforementioned studies are summarised in Table 1 .
[ Table 1 , about here] Government control on economic activity could increase or decrease in the presence of corruption. Greater government control may be placed on economic activity and government institutions in the presence of corrupt governments so that the revenue flow from government expenditure and national income can be increased (Johnson 1975) . Alternatively, government controls could be waived in exchange for bribes in the presence of corruption (Shleifer and Vishny 1993) .
As we have seen there is an extensive literature dealing with theoretical considerations of the effects of corruption on the economy and here also on public debt 3 . There exists a large set of possible consequences of corruption such as higher income inequality, lower GDP per capita, lower investment, budget allocation distortions, worse public sector quality, distor-tions of the markets for emergence of underground economies and tax cheating 4 . Obviously, corruption is responsible for the effect that, ceteris paribus, we have a higher government spending, which can raise public debt. The cost imposed on many far exceeds the profit generated by a few, because corruption distorts the functionality of the whole economy. Corruption contributes to a more extensive fiscal deficit as public revenues are reduced, while public spending is simultaneously increased. This systemic inefficiency exacerbates the exercise of a sound fiscal policy. Certain regulations designed to prevent misbehavior (e.g. corruption) might provide little results in the short term, but will certainly impose pinning effects on corruption in the longer term. Theoretically, corruption has entirely negative ef-fects, because corruption fringes the fundamental human rights to a fair treatment, prevents unbiased decision making and weakens civil and policy status. Corruption leads to the result that the market misallocation of resources is likely to distort economic efficiency, foreign investors are driven away and prospective growth is reduced. Moreover, corruption contributes to environmental damage, illegitimate leaders and organized crime and it also increases social polarization. Also from an economic perspective, corruption destroys incentives and opportunities, distorts efficient market allocations, leads to an innovation-and brain-drain in a country and subsequently leads to an unpleasant business environment, lower growth rates with lower tax revenues and higher public debt. Especially in what Tanzi (1995) has called "grand corruption", political corruption might prevail and negatively affect the three fundamental pillars of the state: legislative, executive and judicial prevalence. Corruption will compete economic growth through higher (social and economic) costs, caused by rent seeking behavior as well as lower efficiency and volume of investment; both in the private and public affair 5 . Even indirect effects are considerable, as more corrupt countries might have problems to obtain external funding from the international capital markets, which in turn imposes negative effects on the economic performance and on the government debt situation.
Especially true for open economies is that foreign direct investment tends to stay out of corrupt countries. Corruption drives down productivity and innovation.
Furthermore, within the literature on corruption there is the question of whether corruption has a causal effect on macroeconomic indicators and on institutions and whether corruption really is a consequence of this. For example corruption could cause a decrease in GDP per capita through a decrease in investment and productive labor hours (Mauro 1995) . However, a decreasing average income would push many people into rent seeking and/or corrupt activities. Van Rijckeghem and Weder (1997) present evidence which shows a negative relationship between wages and corruption in developing countries. This could be true if low wages cause civil servants to spend more time in rent seeking which may make corrupt governments belief, that civil servants are able to earn an adequate income from bribe taking and subsequently reduce their wages. Also corruption leads to higher govern-ment expenditures and to a lower income from custom duties and/or tax revenues. Again, this leads to a higher public debt.
Finally, what is the goal of our study? While our study is closely related to the literature on corruption and the government, it extends upon the literature by examining specifically the impact of corruption on public debt. To the best of our knowledge, this is the first paper which examines the relationship between corruption and public debt. Consequently the purpose of this paper is to empirically investigate the following three hypotheses: 1) Increased or high corruption leads to an increase in public debt, ceteris paribus. This is our core hypothesis.
2) As the shadow economy erodes the tax base and leads to a decline of public revenues, the shadow economy increases public debt, ceteris paribus.
3) The interaction of shadow economy, government expenditure and military expenditure with corruption lead to an increase in public debt, ceteris paribus.
3: Data and Methodology

Data
The data cover the 1996-2012 period for 106 countries. Summary statistics and data sources are provided in the Appendix (Table 1A) The dependent variable in the study is the ratio of public debt to GDP. As a robustness check we also estimate the model by replacing the public debt to GDP ratio with the debt servicing ratio to GNI. The main independent variable of interest is corruption. Two measures of corruption are used in the empirical study that follows. One is the corruption measure from Transparency International. Here the estimate of corruption ranges from 0 (totally corrupt) to 10 (not corrupt). The other is the estimate of corruption from Kaufmann et al. (2012) which ranges from approximately -2.5 (totally corrupt) to 2.5 (not corrupt). In order to simplify the interpretation of empirical results, the TI measure of corruption has been reversed so that 0 stands for not corrupt and 10 totally corrupt. The Kaufmann et al. measure has been rescaled so that 0 stands for not corrupt and +5 for totally corrupt to maintain consistency with the TI measure. Figures 1 and 2 plot the government debt to GDP ratio (log) against the corrunption indices. The graphs suggest that an increase in corruption leads to an increase in the public debt ratio.
Figure 1: Log Government Debt to GDP Against the TI Corruption Index
Note: The TI corruption index has been reversed so that 0 stands for not corrupt and 10 totally corrupt on the TI measure. Additional control variables are also incorporated to account for the omitted variables bias.
These include the rate of inflation (Al-Marhubi 2000), tax revenue as a ratio of GDP , Kaufmann 2010 and interest payments on debt as a ratio of revenues (Kaufmann 2010) .
A second objective of the study is to investigate if the size of the government, military expenditure and the shadow economy increase the effect of corruption on public debt.
Interaction terms are incorporated between corruption and these variables in order to test this.
Methodology
Several alternative methodologies are used to estimate the empirical model. The preliminary estimation is carried out using Ordinary Least Squares (OLS). The model is also estimated using panel fixed effects, and the system General Method of Moments (GMM). The panel data model can be expressed by equation (1) as follows:
where it y is the public debt ratio for country i in period t. X it is a vector which includes all independent variables, including corruption and the control variables. i ϖ captures the country specific effect and η t, takes into account the relevant time effect. µ it is a random error term that captures the effect of all omitted variables.
Interaction terms are added to the above specification to investigate desired differential effects. Both fixed and random effects models were estimated. However, based on the results of the Hausman test, the fixed effects model was found to be relatively more reliable.
Therefore the paper reports results only for panel fixed effect estimation.
It can be argued that all explanatory variables used in our empirical model are not strictly
exogenous. An approach that allows controlling for the joint endogeneity of explanatory variables through the use of internal instruments is the Arellano-Bover (1995)-Blundell Bond (1998) system GMM estimator. In summary, equation (2), which involves variables in levels, is combined equation (3), which involves variables in first differences. Equation (2) is instrumented by lagged first differences of the variables, whereas equation (3) is instrumented by lagged variables in levels.
The variable definitions are the same as above for equation (1), with lagged values of the variables now entering the equation. The GMM estimator is based on the assumption that the error terms are not serially correlated and that the explanatory variables are weakly exogenous or not significantly correlated with future realizations of the error terms under which the following moment condition holds for the first difference estimator:
.n, t = 3….T and 2 s ≥ .
As indicated earlier, the levels equation is instrumented with lagged first differences of the variables, which leads to an additional moment condition as follows:
Two diagnostic tests, the Hansen test for over-identifying restrictions under which the null hypothesis is that the instruments are not correlated with the residuals, and the Arellano-Bond test for second order correlation in the first differenced residuals are carried out.
4: Empirical Estimation
The preliminary estimation is carried out using OLS, panel fixed effects, and the system General Method of Moments (GMM). Table 2 reports results using all three methods We start with the most simple version of the model by examining if the ratio of public debt is influenced by corruption. Given the uncertainty and likely measurement errors in corruption, the estimation is carried out by using both the Transparency International (TI) and Kaufmann et al. (2013) corruption indices. The results in table 2 clearly confirm our core hypothesis; the higher the corruption in a country the higher is the ratio of public debt to GDP, ceteris paribus. Both the (1) suggests that a 1 unit increase in the corruption index increases the debt to GDP ratio by 0.23% and in column (2), that a 1 unit increase in the TI corruption index increases the debt to GDP ratio by 0.09%. However the R 2 of the regressions are extremely low, indicating that a number of important factors are missing.
[ Table 2 , about here]
Due to this we carried out the estimation with a number of control variables. The estimation was carried out using both fixed effects and system GMM. Because the results were qualitatively similar, we report only the results for system GMM estimation. We show in table 3 a linear and non-linear specification of the influence of corruption on the public debt ratio in order to better fulfill the ceteris paribus conditions.
[ Table 3 , about here]
From the results in table 3 we clearly see that the linear specification with the independent variable "corruption" (both the TI and Kaufmann et al. measures) again has the expected positive sign and is highly statistically significant. Column (1) suggests that a 1 unit increase in the TI corruption index leads to a 0.07% increase in the debt to GDP ratio and column (2) that a 1 unit increase in the TI corruption index leads to a 0.03% increase in the debt to GDP ratio. The non-linear coefficient does not turn out to have any statistical influence on the dependent variable, the ratio of public debt to GDP. For the independent variable per capita income, we get the theoretically expected negative sign suggesting that the higher the per capita income in a country, the lower the ratio of public debt, and the coefficient is highly statistically significant. The coefficient on the independent variable government expenditure has the theoretically expected positive sign and it is highly statistically significant, implying that the higher the government expenditure, the higher the ratio of public debt. The coefficients on education are negative and statistically significant only in the linear specification. The coefficient on the independent variable, shadow economy, has the expected positive sign and the coefficients are highly statistically significant, meaning, the higher the shadow economy, the higher is the public debt, which points to the erosion of the tax and revenue system of states which results in a higher public debt. In column (3) for example, a 1% increase in the shadow economy leads to a 0.356% increase in the public debt to GDP ratio. The Hansen test and the serial correlation test confirm that the moments conditions cannot be rejected.
Next we investigate if government expenditure, military expenditure and the shadow economy increase the the adverse effect of corruption on public debt. For this we interact corruption with government expenditure, military expenditure and the shadow economy.
These results are reported in table 4.
[ Table 4 , about here] Again we find that our core independent variable corruption, has a consistently positive highly statistically significant influence on public debt. And again only the linear coefficients on corruption are statistically siginificant. The non-linear terms on corruption are not statistically significant. Per capita income continues to have a highly statistically negative significant influence on public debt and similarly, government expenditure has a positive influence on public debt in all four specifications. The coefficient on the shadow economy is highly statistically significant and positive, suggesting that the higher the shadow economy, the higher is the public debt. The coefficients on the shadow economy have the quantitatively largest influence on the dependent variable. If we consider the interaction variables, corruption x government expenditure has a positive highly statistically significant effect on public debt, meaning, the more corrupt a country, the higher the government expenditure, and the higher is the public debt. The interaction term on corruption x the shadow economy has a positive highly statistically significant effect on the ratio of public debt suggesting that the higher the leve of corruption in a country, the higher the adverse effects of the shadow economy on public debt. Military expenditure and the interaction term on corruption x military expenditure are not statistically significant. This is probably due to the fact that this expenditure is already incorporated in government expenditure.
In table 5 we incorporate additional control variables which include, inflation, the ratio of tax revenue to GDP and interest payments on debt. Al-Marhubi (2000) shows that more corrupt countries face higher inflation. Higher inflation can reduce the real value of the debt stock or alternatively, increase interest payments on debt thereby increasing the stock of debt (Reinhart and Rogoff, 2010) . Schneider et al. (2010) show that corrupt economies have larger shadow economies which reduce the ability of governments to raise tax revenues. Finally interest payments are included as more corrupt governments face higher debt servicing costs (Kaufamnn 2010). The results reported in table 5 show that in addition to our core independent variable corruption, which once again has a highly statistically significant positive effect on the ratio of public debt to GDP, the three new control variables, inflation, tax revenues and interest payments have the expected signs and are highly statistically significant. The higher the inflation, the higher the ratio of public debt to GDP, the higher the tax revenue, the lower the ratio of public debt to GDP, ceteris paribus. The higher the interest payments, the higher is the ratio of public debt to GDP, ceteris paribus. Also in table 5 for the first time, the interaction variable on corruption x military expenditures has a positive influence on public debt and is highly statistically significant, suggesting that the higher the corruption and the higher military expenditure and the higher is the ratio of public debt to GDP.
[ Table 5 , about here]
Finally in table 6, we replace the dependent variables, the ratio of public debt to GDP, with the debt service ratio to GDI. Again the two corruption variables, which are our main variables of interest, have a highly statistically significant and positive influence on the debt ratio to GNI. Again the variable per capita income has the expected negative sign and a highly statistically significant influence on public debt. The coefficients on government expenditures and the shadow economy again are highly statistically significant, implying that the higher the the government expenditure, and the higher the shadow economy, the greaters the debt servicing ratio to GNI. The enrolment ratio has a statistically significant negative effect on the debt servicing ratio to GNI. The coefficient on military expenditure is not statistically significant. The interaction terms between corruption x government expenditure and corruption x shadow economy have the expected positive sign and are highly statistically significant.
[ Table 6 , about here]
5: Summary and Policy Conclusions
This study examined the effects of corruption on public debt. It additionally examined if government expenditure, the shadow economy and military expenditure increased the adverse effects of corruption on public debt. The results suggest that corruption measured by both the TI index and Kaufmann et al. index have a highly statistically significant influence on public debt in all regressions. The positive influence is quantitatively important, and robust to various specifications and the inclusion of control variables. This clearly suggests that the higher the level of corruption in a country, the higher is the ratio of public debt. A similar effect is observed for the shadow economy. This variable has a positive statistically significant influence on the ratio of public debt. The interaction terms on corruption x government expenditure and corruption x shadow economy have a positive significant influence on the ratio of public debt implying that government spending and a larger shadow economy contribute to increasing the positive influence of corruption on public debt.
What type of policy conclusions can we draw from these results? We have the following::
(1) Governments should stirve to reduce corruption, because if corruption is reduced, government debt will fall, ceteris paribus.
(2) Governments should aim to reduce the size of the shadow economy as the lower the shadow economy, the lower will be the public debt, ceteris paribus.
(3) High government expenditure and in some cases military expenditure, contribute to increasing the effect of corruption on public debt acting as an additional driving force for increasing public debt. Once again, reduciong corruption should reduce the adverse effects of corruption on government debt through government and military expenditure. Hence reducing corruption should be a primary policy goal of governments. Corruption is associated with a higher level of military spending. Tanzi and Davoodi (2002) The BI index and the ICRG index.
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